In the present study, the cytotoxicity of palmitic, stearic, oleic, linoleic, arachidonic, docosahexaenoic and eicosapentaenoic acids on a macrophage cell line (J774) was investigated. The induction of toxicity was investigated by changes in cell size, granularity, membrane integrity, DNA fragmentation and phosphatidylserine externalization by using flow cytometry. Fluorescence microscopy was used to determine the type of cell death (Acridine Orange/ethidium bromide assay). The possible mechanisms involved were examined by measuring mitochondrial depolarization, lipid accumulation and PPARγ (peroxisome-proliferator-activated receptor γ ) activation. The results demonstrate that fatty acids induce apoptosis and necrosis of J774 cells. At high concentrations, fatty acids cause macrophage death mainly by necrosis. The cytotoxicity of the fatty acids was not strictly related to the number of double bonds in the molecules: palmitic acid > docosahexaenoic acid > stearic acid = eicosapentaenoic acid = arachidonic acid > oleic acid > linoleic acid. The induction of cell death did not involve PPARγ activation. The mechanisms of fatty acids to induce cell death involved changes in mitochondrial transmembrane potential and intracellular neutral lipid accumulation. Fatty acids poorly incorporated into triacylglycerol had the highest toxicity.
INTRODUCTION
Over the last 25 years, the effects of FAs (fatty acids) on immune function have been characterized in studies carried out in isolated cells and in animals and humans. These studies have shown that NEFAs (non-esterified FAs; 'free FAs') and TAGs (triacylglycerols) modulate several leucocyte functions, such as lymphocyte proliferation [1] , activation by antigens [2] , natural killer cell activity [3] , cytokine release [4, 5] , adhesion molecule expression [6] and induction of cell death [7] [8] [9] [10] .
Modulation of macrophage function by FAs has been demonstrated by several authors [6, [11] [12] [13] . The n − 6 polyunsaturated FAs usually stimulate the inflammatory response, whereas n − 3 FAs are considered as antiinflammatory [14] . Up to now, however, there have been no reports comparing the effects of the most abundant FAs in plasma, such as PA (palmitic acid; saturated) and OA (oleic acid; mono-unsaturated n − 9), with those of the n − 3 and n − 6 family.
Evidence is emerging that, in hyperlipidaemic states, accumulation of lipids in excess by non-adipose tissues leads to cell dysfunction and/or cell death, a phenomenon known as lipotoxicity. In a variety of experimental conditions, the toxicity of saturated and unsaturated FAs differs markedly. Initial studies showed that the toxicity from accumulation of free long-chain FAs was specific for saturated FAs [15] [16] [17] . Previously, it had been suggested that the toxicity was related to the low conversion of FAs into TAGs [18, 19] . FAs channelled toward TAG storage are unavailable for pathways leading to cell death, such as the generation of reactive oxygen intermediates and synthesis of ceramides. Thus TAG accumulation in nonadipose cells in response to a lipid overload represents an initial cellular defence against lipotoxicity. However, this issue remains controversial, as some authors believe that TAG accumulation increases ceramide synthesis and ROS (reactive oxygen species) production, causing cell death [20, 21] . The role of cell death in the inflammatory effects of FAs has been established only recently [20, 22] .
New mechanisms by which FAs could potentially modify immune responses and macrophage function, including modification of the organization of cellular lipids and interaction with nuclear receptors, have been discovered. PPARs (peroxisome-proliferator-activated receptors) are members of the nuclear hormone receptor superfamily that includes steroids, retinoids and thyroid hormones [23] . To date, three different PPAR subtypes have been identified: PPARα, PPARβ (PPARδ) and PPARγ [24] . Various natural FAs and eicosanoids serve as ligands for the PPAR subtypes [25, 26] . PPARγ has been reported to affect monocyte function [27] . For instance, activation of PPARγ in monocytes and macrophages inhibits the expression of inflammatory cytokines such as TNFα (tumour necrosis factor α), IL-1α (interleukin 1α) and IL-6 (interleukin 6) [28, 29] . The activation of PPARγ by its natural and synthetic ligands also induces cell death in several tumour cell lines, including multiple myeloma, thyrocytes, renal carcinoma and glioblastoma [30, 31] .
In the present study, the toxicity of different FAs on J774 cells (a murine macrophage cell line) was investigated. The induction of toxicity was examined by changes in cell size, granularity, membrane integrity and DNA fragmentation by using flow cytometry. The possible mechanisms involved were examined by measuring mitochondrial depolarization, lipid accumulation and PPARγ activation.
MATERIALS AND METHODS

Reagents
RPMI-1640 medium, FCS (fetal calf serum), Hepes, penicillin and streptomycin were purchased from Invitrogen. FAs, Triton X-100, glutamine, PI (propidium iodide) and Nile Red were obtained from Sigma. Citrate, chloroform, methanol, hexane, diethyl ether, acetic acid and ethanol were purchased from Merck, and sodium bicarbonate was from Labsynth products (Diadema). Rhodamine 123, Acridine Orange and ethidium bromide were obtained from Molecular Probes. Annexin V-FITC was from Pharmingen (BD Biosciences).
Culture conditions
J774 cells were grown in RPMI-1640 medium containing 10 % (v/v) FCS. This medium was supplemented with glutamine (2 mmol/l), Hepes (20 mmol/l), streptomycin (10 000 µg/ml), penicillin (10 000 international units/ml) and sodium bicarbonate (24 mmol/l). Cells were grown in 75 ml flasks containing (0.5-1) × 10 6 cells/ml. Cells were kept in a humidified atmosphere containing 5 % CO 2 at 37
• C.
FA treatment
The cells were diluted to 2.5 × 10 5 cells/ml in six-well plates. On the following day, when the number of cells reached 5 × 10 5 cells/ml, they were treated with various concentrations (25, 50, 100, 200 , 300 and 400 µmol/l) of PA (C 16:0 ), SA (stearic acid; C 18:0 ), OA (oleic acid; C 18:1,n−9 ), LA (linoleic acid; C 18:2,n−6 ), AA (arachidonic acid; C 20:4,n−6 ), EPA (eicosapentaenoic acid; C 20:5,n−3 ) and DHA (docosahexaenoic acid; C 22:6,n−3 ) for 24 h. FAs were maintained in the dark at − 20
• C and freshly dissolved in ethanol prior to use. These precautions were applied to avoid peroxidation of the FAs. The final concentration of ethanol in the culture medium did not exceed 0.5 %. This concentration of ethanol is not toxic to the cells, as reported by Siddiqui et al. [32] .
Analysis of cell size and granularity
After the incubation period, 0.5 ml of medium containing cells was used to analyse cell size and granularity in a FACScalibur flow cytometer (Becton Dickinson) using Cell Quest software. Light is scattered in all directions after the laser beam strikes a cell. This equipment can collect and quantify parameters of the scattered light. Scattered light in the forward direction provides morphological information such as relative size. Scattered light at 90
• to the incident beam indicates cell granularity within the cytoplasm, as well as membrane irregularities. A total of 10 000 events was analysed per experiment.
Cell viability
At the end of the culture period, 0.5 ml of medium containing cells was used to test the membrane integrity. J774 cells grow in a monolayer, but they are easily removed from the plates by using a Pasteur pipette, even after treatment with the FAs. In this assay, 50 µl of PI solution (100 µg/ml in saline buffer) were added to the cells. PI is a highly water-soluble fluorescent compound that cannot pass through intact membranes and is generally excluded from viable cells. It binds to DNA by intercalating between the bases with little or no sequence preference. After 5 min of incubation at room temperature, cells were evaluated in a FACScalibur flow cytometer (Becton Dickinson) using Cell Quest software. The equipment was set to a threshold of 50 in order to analyse live and dead cells. Debris were identified, but not quantified. Fluorescence was measured as described above using the FL2 channel (orange/red fluorescence at 585/ 42 nm).
Determination of PS (phosphatidylserine) externalization
PS externalization was analysed by flow cytometry after PS staining with annexin V-FITC. At the end of the culture period with FAs, cells were washed twice with ice-cold PBS and then resuspended in 100 µl of binding buffer (10 mmol/l Hepes/NaOH, 140 mmol/l NaCl and 2.5 mmol/l CaCl 2 ) at 1 × 10 6 cells/ml. Subsequently, 5 µl of annexin V-FITC was added, and the cells were gently agitated and incubated for 15 min at room temperature in the dark. Afterwards, 10 µl of PI solution and 400 µl of binding buffer were added and the cells were analysed by flow cytometry. Annexin V is a phospholipid-binding protein that has a high affinity for PS. PI is used to distinguish viable from non-viable cells. Fluorescence of annexin V-FITC was measured as described above in FL1 channel (green fluorescence; 530/30 nm) and PI in FL2 channel (orange/red fluorescence; 585/42 nm).
Determination of the proportion of necrotic and apoptotic cells using the Acridine Orange/ethidium bromide assay Cells were pelleted and resuspended in 25 µl of PBS. Subsequently, 1 µl of Acridine Orange/ethidium bromide solution (100 µg/ml of each) was added and the cells were examined using a fluorescence microscope with a 470/40 nm filter (Zeiss). The cells were then classified as live cells, apoptotic cells and necrotic cells. The percentage of apoptotic and necrotic cells was then determined.
Staining DNA using PI DNA fragmentation was analysed by flow cytometry after DNA staining with PI according to the method described by Nicoletti et al. [33] . Cells were resuspended in a solution containing detergents that permeabilize the cells, which promptly incorporate the dye into DNA. Briefly, 0.5 ml of medium containing cells was centrifuged at 1000 g for 10 min at 4
• C. The pellet was gently resuspended in 300 µl of hypotonic solution containing 50 µg/ml PI, 0.1 % sodium citrate and 0.1 % Triton X-100. The cells were then incubated for 2 h at 4
• C. Fluorescence was measured and analysed by flow cytometry as described above.
Determination of the MTP (mitochondrial transmembrane potential)
Cells were centrifuged at 1000 g for 10 min at 4
• C, and the pellet was resuspended in 500 µl of PBS. Rhodamine 123 is a cell-permeant cationic fluorescent dye that is readily sequestered by active mitochondria without inducing cytotoxic effects. Rhodamine 123 (5 µmol/l) was added and the cells were then incubated for 15 min in the dark. Cells were washed twice with ice-cold PBS and incubated for 30 min in the dark. Fluorescence was determined by flow cytometry using the FL1 channel (green fluorescence; 530/30 nm) as described above.
Measurement of intracellular neutral lipids
Cells were pelleted as described above. Nile Red (0.1 µg/ ml), a selective fluorescent stain for intracellular lipid droplets, was added and fluorescence was examined using a fluorescence microscope with a 530/30 nm filter (Zeiss).
TLC
After treatment of the J774 cells for 24 h with different concentrations of PA and LA in the presence of 0.5 µCi/ml of radiolabelled FAs, lipids were extracted twice using chloroform/methanol as described previously [34] . The extracts were dried in a speed-vac and redissolved in chloroform/methanol (2:1, v/v) before application on to the TLC plates. Analytical separations were performed on silica gel 60 thin-layer plates (20 cm × 20 cm; Merck), which were scored with 2 cm lanes and heated at 110
• C for 30 min before use. The plates were allowed to cool to room temperature before spotting the samples. The samples were run with a solvent mixture of hexane/ diethyl ether/acetic acid (70:30:1, by vol.) until the solvent front was 5 cm from the top of the plate. The plate was airdried for 5 min in a fume hood, and then exposed to iodine vapours. A lipid standard containing phospholipids, cholesterol, NEFAs, TAG, cholesteryl esters and methyl esters was applied on to the plate in order to identify the bands. The bands were removed from the plates and the radioactivity was quantified in a scintillation counter (TRI CARB 2100; Packard).
Determination of TAG content by enzymatic colorimetric assay
After treatment of the J774 cells for 24 h with the FAs, they were pelleted as described above and homogenized in 200 µl of PBS. Cells (50 µl) were added to 500 µl of reagent solution [55 mmol/l Pipes (pH 6.5), 120 000 units/l LPL (lipoprotein lipase), 1000 units/l glycerol kinase, 3000 units/l glycerol phosphate oxidase, 440 units/l peroxidase, 0.7 mmol/l 4-aminoantipyrine, 1.0 mmol/l 4-chlorofenol and 30 mmol/l ATP] and incubated at 37
• C for 10 min. TAG, when treated with LPL, forms glycerol and FAs. Glycerol reacts with glycerol kinase in the presence of ATP and forms glycerol phosphate. Glycerol phosphate is oxidized by glycerol phosphate oxidase to produce H 2 O 2 that, in the presence of peroxidase, causes the oxidative condensation of 4-chlorofenol with 4-aminoantipyrine to form a pinkcoloured compound. The amount of TAG is determined from the absorbance measured at 505 nm (Spectra MAX plus; Molecular Devices). Protein concentrations in the samples were determined as described by Bradford [35] with BSA as the standard. The results are shown as µg of TAG/mg of protein from live cells.
EMSA (electrophoretic mobility-shift assay)
PPAR activation was evaluated after treatment of cells for 6, 12 and 24 h with the unsaturated FAs LA, AA, EPA and DHA at 100-300 µmol/l (concentrations at which the presence of NEFAs inside the cells were observed). Cells were also treated with FAs in the presence of retinoic acid, as this acid is required for the formation of the PPAR/RXR (retinoid X receptor) heterodimer.
Nuclear extracts from J774 cells were obtained as described previously [35a] . Double-stranded oligonucleotides containing PPRE (PPAR/RXR-responsive element) (5 -AGCTACCAGGACAAAGGTCACGT-3 ) [36] were end-labelled using T4 PNK and [γ - • C in TBE buffer (45 mmol/l Tris, 45 mmol/l borate and 1 mmol/l EDTA). The gels were dried and subjected to autoradiography. The blots were analysed by scanner densitometry (Image Master 1D ® ; Amersham Biosciences), and the results of the binding activity were expressed as arbitrary units.
Statistical analysis
Results are means + − S.E.M. of 6-9 determinations from 2-3 experiments. Comparisons with control were performed by ANOVA. Significant differences were analysed using the Tukey-Kramer's test (Graph Pad Prism 4; Graph Pad Software). The level of significance was set at P < 0.05.
RESULTS
Effect of FAs on membrane integrity, DNA fragmentation and mitochondrial polarization
All FAs induced loss of membrane integrity, increased DNA fragmentation and decreased mitochondrial transmembrane polarization (Figure 1) . 
Determination of the proportion of necrotic and apoptotic cells
The proportion of viable, apoptotic and necrotic J774 cells was determined after treatment for 24 h with different concentrations of the FAs.
In the annexin V assay, fluorescence of viable cells is not observed, as PI and annexin V cannot pass through intact membranes. Annexin V is a protein that has a high affinity for PS, a phospholipid that is only present in the external leaflet of the plasma membrane of apoptotic cells. Cells with ruptured membranes have both annexin V and PI fluorescence, due to DNA staining by PI and annexin binding to the internal leaflet PS. FA treatment did not increase the percentage of annexin V-positive cells (Table 1) . In fact, treatment with high concentrations of FAs decreased the percentage of cells labelled with annexin V due to the marked increase in the percentage of necrotic cells (annexin V-and PI-positive).
Similar results were obtained in the Acridine Orange/ ethidium bromide assay. Acridine Orange binds to DNA rendering it green. Thus viable cells have bright uniform green nuclei. Ethidium bromide only penetrates cells with ruptured membranes (non-viable), staining DNA orange. Early apoptotic cells have chromatin condensation with bright green-coloured nuclei. Late apoptotic cells have
Figure 1 Effects of FAs on cell membrane integrity, DNA fragmentation and mitochondrial depolarization of J774 cells as assessed by flow cytometry
The percentage of cells with intact membrane, DNA fragmentation and depolarized mitochondria after treatment for 24 h with PA, SA, OA, LA, AA, DHA and EPA are shown. Cells were stained with a saline buffer containing PI to assess membrane integrity. A buffer containing citrate, Triton X-100 and PI was used to assess DNA fragmentation. Rhodamine 123 was used to stain mitochondria. Values are means + − S.E.M. of nine determinations from three experiments. 
Effect of FAs on cell size and granularity
J774 cells treated for 24 h with different concentrations of the FAs resulted in important morphological changes, as assessed by flow cytometry. All of the FAs tested 
Effect of FAs on intracellular lipid accumulation
All FAs caused morphological changes at concentrations that did not cause DNA fragmentation or loss of membrane integrity and, therefore, we evaluated if this increase in cell granularity was due to intracellular accumulation of neutral lipids. Cells were stained with Nile Red and fluorescence was evaluated by microscopy. The results obtained in cells treated with PA, OA and EPA at different concentrations are shown in Figure 2 (B). Cells stained with Nile Red had intense fluorescence after treatment with increasing concentrations of the FAs. Similar results were obtained with the other FAs (not shown).
FA incorporation into TAG
In order to evaluate in which lipid fraction the FAs were accumulated, lipids extracted from the cells were separated on TLC plates after treatment with radiolabelled PA and LA. Radioactivity related to FA incorporation was more intense in bands corresponding to the TAG fraction of the cells after treatment with both FAs (Figure 3 ).
TAG content of J774 cells as evaluated by a colorimetric enzymatic assay
After 24 h treatment with different concentrations of FAs, viable cells were pelleted and TAG and protein content were determined. Intracellular concentration of TAG increased after treatment with increasing concentrations of the FAs (Table 2) . These results corroborate the data obtained by microscopic analysis of intracellular neutral lipid accumulation.
Involvement of PPAR activation in cell death induced by FAs
Activation of PPARγ in J774 cells was present even in the absence of ciglitizone (basal conditions; Figure 4 , lanes 1 
DISCUSSION
Macrophages and related cells, such as osteoclasts, microglia and Kupfer cells, play diverse roles in the maintenance of homoeostasis [37] . Macrophages promote inflammatory processes, but also contribute to numerous pathological processes, including the development of atherosclerosis, rheumatoid arthritis and inflammatory bowel disease [38] [39] [40] . FA modulation of macrophage functions has been shown by several authors and includes various mechanisms, such as calcium signalling [41] , ceramide production [42, 43] , phopholipase C activation [44] and protein phosphorylation [45, 46] . In the present study, we evaluated whether the induction of cell death could be a mechanism by which FAs modulate macrophage function. Indeed, treatment with different concentrations of FAs was toxic to the macrophage cell line J774, as assessed by loss of membrane integrity and DNA fragmentation. In most cases, the lowest concentration that caused loss of membrane integrity was the same that induced DNA fragmentation (Table 3) , and the percentages were similar. These findings are indicative that necrosis and apoptosis occurred concomitantly. The improvement in methods to differentiate between apoptosis and necrosis revealed that there are many examples when some of the biochemical and morphological characteristics of both types of cell death can be found in the same cell. Several studies have also reported the induction of DNA fragmentation and loss of membrane integrity in different cell types after treatment with FAs [47, 48] . As indicated by both annexin V-FITC and Acridine Orange/ethidium bromide assays, at high concentrations of FAs there was an increase in the proportion of cells with ruptured membranes, whereas the percentage of cells with fragmented DNA remained the same (Table 1) . Therefore high FA concentrations cause macrophage death mainly by necrosis. This effect was also observed by others after treatment of different cell types, such as melanoma, leukaemia cell lines, lung carcinoma and fibroblasts, with high concentrations of FA [49] [50] [51] .
The results of both loss of membrane integrity and/or DNA fragmentation shown in the present study suggest the following rank of toxicity on J774 cells: PA > DHA > SA = AA = EPA > OA > LA (Table 3 ). In lymphocyte cell lines (Jurkat and Raji), the toxicity of the same FAs was as follows: DHA = EPA = AA = SA = PA > LA > OA [10] . Thus contrary to the results obtained in lymphocyte cell lines [10] , the toxicity of FAs on J774 cells was not related to carbon-chain length and the number of double bonds.
Mitochondrial depolarization was observed in several cell types treated with FAs, including pancreatic β-cell lines [52] , hepatoblastoma cell lines [47] , lymphocytes and leukaemia cell lines [7, 8, 48] . Mitochondrial depolarization is a common feature of apoptosis and necrosis [53] . It occurs whenever the inner membrane proton permeability increases, such as by the addition of uncoupling agents, or when there is a malfunction of the electron transport chain. FAs are known to increase proton conductance, causing dissipation of the electrochemical proton gradient [54] . These metabolites promote opening of the PTP (permeability transition pore), a high-conductance channel [55] that may cause the release of potent apoptotic factors from the intermembraneous space and mitochondrial matrix into the cytosol, such as cytochrome c, Smac/DIABLO and HtrA2. These proteins have been implicated in the activation of caspases, and/or the release of AIF (apoptosis-inducing factor) and endonuclease G, which are involved in caspase-independent cell death [56] . FAs are also involved in the opening of a non-classical PTP [57] . The ability of FAs to induce the opening these pores seems to be dependent on the number of double bounds in the molecule and cytosolic conditions, in particular Ca 2+ concentration [57, 58] . Nevertheless, there was no relationship between the number of double bounds in the FAs tested and their depolarizating effects. Depolarization and uncoupled mitochondria may increase the production of ROS through the mitochondrial electron-transport chain. Indeed, several studies have shown that FAs induce oxidative stress that may trigger cell death [59, 60] .
The involvement of PPARγ activation in the induction of cell death by FAs has been observed in many cell lines, including breast cancer cells, murine macrophage cell lines (RAW264.7 cells) and human monocytederived macrophages [22, 61, 62] . In RAW264.7 cells, lipoxygenase metabolites of AA strongly activate PPARγ , and AA was highly toxic to the cells [61] . Muralidhar et al. [22] showed that OA, LA, AA and DHA promote apoptosis of human monocyte-derived macrophages and that AA and DHA strongly activate PPARγ , but OA and LA did not. In our present study there was no significant increase in activation of PPARγ by treatment of J774 cells with the FAs, even at high concentrations and after a prolonged period of treatment. These cells had activated PPARγ under basal conditions. This finding is expected in macrophage-differentiated cells. Thus our present results indicate that in J774 cells the toxic effect of FAs was not dependent on PPARγ activation.
The relationship between lipid accumulation and apoptosis has been demonstrated through a series of experiments with different cell lines [63] [64] [65] . Accumulation of excess FAs into the TAG pool has been postulated to divert these molecules from pathways that lead to toxic effects and, thus, lipid bodies may serve as buffers against lipotoxicity [19] . Treatment with all FAs led to an increase of lipid bodies inside J774 cells ( Figure 2B ). Cells treated with non-toxic concentrations of the FAs exhibited higher granularity, indicating accumulation of lipid droplets that was observed by fluorescence microscopy. FAs were incorporated mainly into the TAG fraction (Figure 3) , and TAG accumulation was greater in cells treated with polyunsaturated FAs (AA, LA, DHA and EPA), which induced J774 cell death only at high concentrations (above 150 µmol/l; Table 2 ). The monounsaturated FA OA induced a 20-fold increase in TAG content at 100 µmol/l, and at this concentration OA was clearly not cytotoxic. On the other hand, PA and SA, which induced cell death from 75 µmol/l and above, were incorporated less into TAG (Table 2) . Therefore differences in the cytotoxic effects of the FAs may be related to their ability to be incorporated into TAG. Similar results were obtained in Jurkat and Raji cells treated with OA and LA [7, 8] . Our present results suggest that the ability of the cells to incorporate NEFAs into TAG prevents the activation of death signalling pathways. The differences observed between saturated and unsaturated FAs to induce TAG accumulation may be explained by the preferred use of saturated FAs as fuel.
Monocytes are constantly exposed to plasma levels of lipids and some studies have shown modulation of their function by FAs. Plasma levels of FAs range from 0.11-0.61 mmol/l, as reported by several authors [66, 67] . Nevertheless, FAs in plasma are bound to serum albumin, which decreases the availability and thus the toxicity of the FAs to the cells. In the present study the FAs tested were not bound to albumin; however, there are some physiological and pathological conditions, such as exercise, obesity, Type II diabetes and ischaemia, where the plasma concentration of FAs is markedly increased, overcoming the bound effect of albumin [68] [69] [70] [71] . Under these conditions, the NEFA concentration reaches the levels tested in the present study.
Although FAs induce macrophage death at high concentrations, it is important to emphasize that they modulate macrophage functions at non-toxic concentrations. For instance, we observed that the FAs tested at 5 µmol/l stimulate nitric oxide production by macrophages [72] . Some of the FAs, such as DHA and EPA, are able to inhibit the production of pro-inflammatory cytokines by macrophages [73] . Macrophage accumulation at adipose tissue has been implicated in the production of proinflammatory factors by this tissue. These factors seem to play a key role in the establishment of insulin resistance in the metabolic syndrome [74] . FAs may be a stimulator of the intra-adipose tissue macrophages, but further studies need to be performed to address this issue.
In conclusion, the results shown in the present study demonstrate that FAs induce apoptosis and necrosis of J774 cells. The cytotoxicity of the FAs was not strictly related to carbon-chain length and the number of double bonds in the molecule. The induction of J774 cell death did not involve PPARγ activation. The mechanisms of the FAs to induce J774 cell death involved changes in MTP and intracellular neutral lipid accumulation. FAs poorly incorporated into TAG had the highest toxicity.
